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Recession of the seasonal CO2 cap,
northern spring

Clouds, sublimation 
at the cap edge

Dust storms

MOC mosaic (NASA/JPL/MSSS)

Seasonal CO2 cap
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Mars Seasonal Polar Cap Tracking Mars Seasonal Polar Cap Tracking 
using THEMIS IR Datausing THEMIS IR Data

Typical THEMIS coverage of the pole:

THEMIS on MGS

Mars, North Pole, THEMIS orbits 4319-4399 (northern summer)
JMARS visualization - Noel Gorelick, ASU
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Relevance to Onboard ScienceRelevance to Onboard Science
General goalsGeneral goals
–– Increase spatial and temporal coverage of specific Increase spatial and temporal coverage of specific 

features of interestfeatures of interest
–– Adhere to existing bandwidth constraintsAdhere to existing bandwidth constraints

Polar cap tracking on MarsPolar cap tracking on Mars
–– THEMIS orbits 12 times per sol, but targets the polar THEMIS orbits 12 times per sol, but targets the polar 

cap only a fraction of the timecap only a fraction of the time
–– Each targeted image consumes a large chunk of Each targeted image consumes a large chunk of 

bandwidthbandwidth

General approachGeneral approach
–– Increase coverage by analyzing data Increase coverage by analyzing data onboardonboard insteadinstead
–– Prioritize data for transmission based on the presence of Prioritize data for transmission based on the presence of 

features of interest (e.g., cap edge)features of interest (e.g., cap edge)
–– No change to bandwidth required; increase in active No change to bandwidth required; increase in active 

computing time requiredcomputing time required
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Bimodal Image Temperature (BIT) Bimodal Image Temperature (BIT) 
Histogram AnalysisHistogram Analysis

Basic AssumptionBasic Assumption
–– Images with the cap edge will have both cold (ice or frost) and Images with the cap edge will have both cold (ice or frost) and 

warm (nonwarm (non--ice) pixels ice) pixels 

ApproachApproach
–– Dynamically identify temperature threshold Dynamically identify temperature threshold TT between the two between the two 

groups to separate ice and nongroups to separate ice and non--iceice
TT is defined as the low point between two peaks in the histogram is defined as the low point between two peaks in the histogram of of 
pixel temperatures pixel temperatures 
Independent of calibration (can use raw Independent of calibration (can use raw EDRsEDRs))

–– Mark ice/nonMark ice/non--ice pixels in image using threshold ice pixels in image using threshold TT
–– Define “cap edge” as the first image row with < 50% iceDefine “cap edge” as the first image row with < 50% ice
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ExampleExample
EDR

Ls = 351
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ExampleExample
EDR

130 270200
Temp (quick calibration)

CO2 Ice
Non-ice

Computed threshold = 
172 K

Ls = 351
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ExampleExample
EDR Classification

130 270200
Temp (quick calibration)

CO2 Ice
Non-ice

Cap edge
Latitude = 59.6

Ls = 351Computed threshold = 
172 K
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How well does it work?How well does it work?

Evaluated against two standardsEvaluated against two standards
1.1. Model derived from contemporary TES observationsModel derived from contemporary TES observations
2.2. Manual annotations of THEMIS dataManual annotations of THEMIS data

♦♦ Evaluated in two waysEvaluated in two ways
1.1. Agreement on whether an image contains the cap edge Agreement on whether an image contains the cap edge 

at allat all
2.2. Deviation in position of identified cap edgeDeviation in position of identified cap edge
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BIT Validation:BIT Validation:
TES Year 3 ModelTES Year 3 Model

Model based on Thermal Emission Model based on Thermal Emission 
Spectrometer (TES) dataSpectrometer (TES) data
–– TES data binned into 60TES data binned into 60--km cellskm cells
–– Look for where temperatureLook for where temperature

exceeds 165 degrees exceeds 165 degrees 
(crocus date)(crocus date)

–– 5151--coefficient best fit model coefficient best fit model 
of of sinessines and cosinesand cosines

Separate models for each TES yearSeparate models for each TES year
–– Error estimate (each model): 1.2Error estimate (each model): 1.2--1.4 degrees (721.4 degrees (72--84 km)84 km)
–– Observed Observed interannualinterannual deviations  ~3 degrees (180 km)

TES on Mars Global Surveyor

deviations  ~3 degrees (180 km)
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ExampleExample
ClassificationEDR

130 270200
Temp (quick calibration)

CO2 Ice

TES model:
60.9 +/- 1.4

Cap edge
Latitude = 59.6

Non-ice

Ls = 351Computed threshold = 
172 K
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BIT Validation:BIT Validation:
Manual AnnotationsManual Annotations

Manually labeled 435 THEMIS imagesManually labeled 435 THEMIS images
–– Based on thermal profile, not histogramBased on thermal profile, not histogram

Profile of mean row temperature valuesProfile of mean row temperature values

TechniqueTechnique
–– Annotated the beginning and end of the COAnnotated the beginning and end of the CO22 defrosting zone, to defrosting zone, to 

the nearest 100 lines (10 km)the nearest 100 lines (10 km)
–– Computed the cap “edge” as the midpoint between the Computed the cap “edge” as the midpoint between the 

beginning and endbeginning and end

Example profile with ‘begin’ and ‘end’ annotations
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ExampleExample

TES Year 3 Model

BIT

Manual cap edge

Manual: begin 
defrost zone

Manual: end 
defrost zone

EDR Classification

Key: 
• BIT
• TES model
• Manual
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BIT Polar Cap Detection AccuracyBIT Polar Cap Detection Accuracy
Compare agreement on presence of cap edge in imagesCompare agreement on presence of cap edge in images
Manual annotations compared to the TES model: Manual annotations compared to the TES model: 
–– Agreement on 426/435 (98%) of images about presence of Agreement on 426/435 (98%) of images about presence of 

polar cap edgepolar cap edge

TES model TES model 
agrees with BITagrees with BIT

TES model TES model 
disagrees with disagrees with 

BITBIT

Manual Manual 
annotations annotations 

agree with BITagree with BIT

Manual Manual 
annotations annotations 

disagree  BITdisagree  BIT

133133 88

2121

2929

BIT BIT 
DetectionDetection 137137 44

273273

406/435 (93%)406/435 (93%)

No BIT No BIT 
detectiondetection 282282 1212

TotalTotal 419/435 (96%)419/435 (96%) 1616

Agreement on Presence of Cap Edge in Image
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Polar Cap Edge PrecisionPolar Cap Edge Precision
Mean deviation in location of detected cap edge Mean deviation in location of detected cap edge 
–– For 80 images known to contain the cap edgeFor 80 images known to contain the cap edge

StandardsStandards
–– TES year 3 model, error estimate: 1.4 degrees (+/TES year 3 model, error estimate: 1.4 degrees (+/-- 84 km)84 km)
–– Manual annotations, error estimate: 0.17 degrees (+/Manual annotations, error estimate: 0.17 degrees (+/-- 10 km)10 km)

ResultsResults
–– BIT vs. TES model: 1.2 degrees (72.6 km)BIT vs. TES model: 1.2 degrees (72.6 km)
–– BIT vs. manual: 0.5 degrees (28.2 km)BIT vs. manual: 0.5 degrees (28.2 km)
–– Manual vs. TES model: 2.07 degrees (124 km)Manual vs. TES model: 2.07 degrees (124 km)

Manual annotations have a strong southward biasManual annotations have a strong southward bias

BIT vs. TES model BIT vs. manual annotations

1.4 degree 
margin of 
error
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Seasonal Polar Frost EdgeSeasonal Polar Frost Edge
Operational ScenariosOperational Scenarios

Sliding window on 
classification map

Classification 
Map

Histogram

AssumptionAssumption
–– THEMIS operates in nearTHEMIS operates in near--continuous continuous 

data collection mode in polar regionsdata collection mode in polar regions

Store and analyze a sliding window of Store and analyze a sliding window of 
image linesimage lines

OptionsOptions
1.1. Downlink timeDownlink time--onon--orbit of detectionorbit of detection

2.2. Downlink image window with detectionDownlink image window with detection

3.3. Downlink a larger context imageDownlink a larger context image

M
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w

id
th



1717

Example ProductsExample Products

1. Time-on-orbit 2. Analysis 
window

3. Context 
image

Window = 1024 lines

Orbit 9640, 
spacecraft time 
761370897.128

Context = 2048 lines

Bandwidth required:

8 bytes 320 Kb 640 Kb

Window and context sizes are runtime parameters.
With 1024 lines, P(capture) = 71%.
With 2048 lines, P(capture) = 88%.
With 4096 lines, P(capture) = 98%.

With 12 orbits per sol, 71% or even less suffices.
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ConclusionsConclusions
BIT is effective at detecting the CO2 cap edgeBIT is effective at detecting the CO2 cap edge
–– Evaluated on 435 THEMIS images Evaluated on 435 THEMIS images 
–– Good agreement with two independent standardsGood agreement with two independent standards
–– Agreement to within 28.2 km with manual annotationsAgreement to within 28.2 km with manual annotations

Designed for eventual onboard useDesigned for eventual onboard use
–– Does not require data calibrationDoes not require data calibration
–– Does require additional computationDoes require additional computation
–– Window size can be adjusted to suit available memory Window size can be adjusted to suit available memory 

and desired processing speedand desired processing speed

BenefitsBenefits
–– Greatly increase spatial and temporal coverage of cap Greatly increase spatial and temporal coverage of cap 

recessionrecession
–– Can aid in data prioritization for downlinkCan aid in data prioritization for downlink

Thank you to: Nghia Tang (JPL), the THEMIS science team,
the New Millenium Program, and the Mars Odyssey Participating
Scientist Program.
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